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(57) ABSTRACT
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mation obtained from a bayer image output from an image
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APPARATUS AND METHOD FOR
PROCESSING IMAGE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Korean Patent Appli-
cation No. 10-2007-0116899, filed on Nov. 15, 2007, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image signal processing
(ISP) method and apparatus for processing images, and more
particularly, to a technique for processing image signals
sensed by an image sensor.

2. Description of the Related Art

In order to properly display a color image, three colors, that
is, red (R), green (G), and blue (B) samples, should be nec-
essary to each pixel. However, installing a plurality of color
filters for filtering three colors from each pixel makes the
structure of an image signal processing (ISP) apparatus com-
plicated and is not preferred in view of costs.

For this reason, a digital image input apparatus, such as a
digital camera and a cellular phone in which a camera is
installed, uses a color filter array (CFA) such as a bayer filter
for filtering only one color from each pixel to reduce the
number of color samples. And, the bayer pattern, which is
output by an image sensor, is processed by an image signal
processor (ISP) to create an RGB full color image.

The image signal processor performs two important func-
tions: one of which is an image denoising (or noise reduction)
function for effectively eliminating or reducing noise existing
in an image, and the other of which is an interpolation (or
demosaicing) function for obtaining an RGB full color from
color patterns output by an image sensor.

Generally, amethod which performs interpolation and then
performs image denoising, as illustrated in FIG. 1, or a
method which performs image denoising and then performs
interpolation, as illustrated in FIG. 2, is being widely utilized.

SUMMARY OF THE INVENTION

The present invention provides an image signal processing
(ISP) apparatus and method which is effective in view of
picture quality, processing speed, and economic performance
by reducing the amount of calculations required to perform
image denoising and interpolation.

Image denoising and interpolation are used for different
purposes, but have a common feature in terms of using edge
information of images. However, these common features
have not been utilized to date.

Accordingly, the present applicant has conducted research
on an image signal processing technique which is effective in
view of picture quality, processing speed, and economic per-
formance by performing in an integrated manner image
denoising and interpolation using edge information of
images. For this purpose, the present invention proposes a
technique for simultaneously performing in an integrated
manner image denoising and interpolation using 4-direc-
tional image gradient information which defines differences
in color brightness between adjacent pixels on the basis of
edge direction information obtained from a bayer image out-
putted from an image sensor.

20

25

30

40

45

50

55

60

65

2

Additional aspects of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
exemplary embodiments of the invention, and together with
the description serve to explain the aspects of the invention.

FIGS. 1 and 2 are views for explaining conventional image
signal processing methods;

FIG. 3 is a view for explaining an image signal processing
(ISP) method according to an embodiment of the present
invention;

FIG. 4 is a block diagram of an image signal processing
apparatus according to an embodiment of the present inven-
tion;

FIG. 5 shows a color pattern of a bayer image which is
output from an image sensor;

FIG. 6 is a schematic flowchart of an image signal process-
ing method according to an embodiment of the present inven-
tion;

FIG. 7 is a flowchart of operation S10 illustrated in FIG. 6
according to an embodiment of the present invention;

FIG. 8 is a flowchart of operation S100 illustrated in FIG.
7 according to an embodiment of the present invention;

FIG. 9 is a flowchart of operation S140 illustrated in FIG.
8 according to an embodiment of the present invention;

FIG. 10 is a flowchart of operation S200 illustrated in FIG.
7 according to an embodiment of the present invention;

FIG. 11 is a flowchart of operation S240 illustrated in FIG.
10 according to an embodiment of the present invention;

FIG. 12 is a flowchart of operation S20 illustrated in FIG.
6 according to an embodiment of the present invention; and

FIG. 13 is a flowchart of an image signal processing
method according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The invention is described more fully hereinafter with ref-
erence to the accompanying drawings, in which exemplary
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as being limited to the exemplary embodiments
set forth herein. Rather, these exemplary embodiments are
provided so that this disclosure is thorough and will fully
convey the scope of the invention to those skilled in the art. In
the drawings, the size and relative sizes of layers and regions
may be exaggerated for clarity. Like reference numerals in the
drawings denote like elements.

FIG. 3 is a view for explaining an image signal processing
method according to an embodiment of the present invention.
As illustrated in FIG. 3, the image signal processing method
according to this embodiment simultaneously performs in an
integrated manner image denoising and interpolation, unlike
a conventional method of sequentially performing image
denoising and interpolation.

For this purpose, the image signal processing method per-
forms image denoising and interpolation, simultaneously,
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using 4-directional image gradient information which defines
differences in color brightness between adjacent pixels on the
basis of edge direction information obtained from a bayer
image output from an image. Embodiments for this process
will be described in detail later.

FIG. 4 is a block diagram of an image signal processing
apparatus 100 according to an embodiment of the present
invention. The image signal processing apparatus 100 pro-
cesses image signals output from an image sensor 200, and
includes a storage unit 110 and an image signal processing
unit 120.

The storage unit 110 stores 4-directional image gradation
information which defines differences in color brightness
between adjacent pixels on the basis of edge direction infor-
mation obtained from a bayer image output from the image
sensor 200.

For example, if the color pattern of the bayer image output
from the image sensor 200 is the color pattern illustrated in
FIG. 5, the edge directions of each color can be classified into
four directions; a horizontal direction, a vertical direction, a
first diagonal direction, and a second diagonal direction.

In the case of a G color, 4-directional image gradient infor-
mation of each pixel coordinate is defined as E.,(i,j) repre-
senting a horizontal directional image gradient, E,(i,j) rep-
resenting a vertical directional image gradient, E,;(i.,))
representing a first diagonal directional image gradient, and
Esp,(1,)) representing a second diagonal directional image
gradient.

In the case of an R color, 4-directional image gradient
information of each pixel coordinate is defined as Ez.(i.j)
representing a horizontal directional image gradient, E,(i,j)
representing a vertical directional image gradient, E,,,;(i.,))
representing a first diagonal directional image gradient, and
Exps(i,)) representing a second diagonal directional image
gradient.

In the case of a B color, 4-directional image gradient infor-
mation of each pixel coordinate is defined as E,(i,j) repre-
senting a horizontal directional image gradient, Ez,(i,j) rep-
resenting a vertical directional image gradient, Eg, (i,j)
representing a first diagonal directional image gradient, and
Ezps(1,)) representing a second diagonal directional image
gradient.

Equations used for calculating 4-directional image gradi-
ent information for each of R, G and B colors, as defined
above, will be described in detail later.

The image signal processing unit 120 simultaneously per-
forms image denoising and interpolation using the 4-direc-
tional image gradient information stored in the storage unit
110. In detail, the image signal processing unit 120 includes
a G color area processor 121 and an R/B color area processor
122.

The G color area processor 121 performs image denoising
and interpolation on G color areas, using the 4-directional
image gradient information, and the R/B color area processor
122 performs image denoising and interpolation on R or B
color areas using the 4-directional image gradient informa-
tion and the G color areas interpolated by the G color area
processor 121.

In detail, the G color area processor 121 performs image
denoising on the G color of G color areas using the 4-direc-
tional image gradient information. Then, the R/B color area
processor 122 performs image denoising on the R or B colors
of R or B color areas using the 4-directional image gradient
information, and interpolates the G color of the R or B color
areas, subjected to image denoising, using the G color sub-
jected to image denoising by the G color area processor 121.
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The reason interpolation on the G color is performed first is
to increase the effectiveness of performing RGB interpolation
by first performing interpolation on the G color with the
greater number of pixels, where the G color occupies about
50% of the color pattern of a bayer image output from the
image sensor 200, and the R and B colors each occupies about
25% of the color pattern.

Then, the R/B image processor 122 interpolates the R or B
color of the R or B color areas in which the G color has been
interpolated. Then, the G color area processor 121 interpo-
lates the R or B colors of'the G color areas subjected to image
denoising using the R or B colors of the R or B color areas
subjected to image denoising, thereby creating an RGB full
color image.

Accordingly, by simultaneously performing in an inte-
grated manner image denoising and interpolation, using 4-di-
rectional image gradient information which defines differ-
ences in color brightness between adjacent pixels on the basis
of'edge direction information calculated from a bayer image
output from the image sensor 200, the amount of calculations
required for image denoising and interpolation can be
reduced. Therefore, the image signal processing method
according to the current embodiment of the present invention
is more effective than the conventional method, in view of
picture quality, processing speed, and costs.

The image signal processing method of the image signal
processing apparatus illustrated in FIG. 4 will now be
described in detail with reference to FIG. 6. FIG. 6 is a
schematic flowchart of an image signal processing method
according to an embodiment of the present invention.

First, in operation S10, the image signal processing appa-
ratus performs image denoising and interpolation on a G
color, using 4-directional image gradient information.

Then, in operation S20, the image signal processing appa-
ratus performs interpolation on R and B colors to create a
RGB full color image.

FIG. 7 is a flowchart showing in detail operation S10 illus-
trated in FIG. 9. Operation S10 includes operation S100 in
which the G color area processor 121 performs image denois-
ing on the G color of G color areas using the 4-directional
image gradient information, and operation S200 in which the
R/B color area processor 122 performs image denoising on
the R or B color of R or B color areas using the 4-directional
image gradient information, and interpolates the G color of
the R or B color areas subjected to image denoising using the
G color subjected to image denoising by the G color area
processor 121.

FIG. 8 is a flowchart showing in detail operation S100
illustrated in FIG. 7.

Referring to FIGS. 4 and 8, in operation S110, the G color
area processor 121 calculates a horizontal directional image
gradient value E (i) and a vertical directional image gra-
dient value E;,(i,j) for a current pixel of a G color area.
Equations used for calculating the horizontal and vertical
directional image gradient values E;,(i,j) and E;,{(i,j) can be
optimally defined in various ways by repeatedly performing
experiments, etc.

For example, equations used for calculating the horizontal
and vertical directional image gradient values E.(i,j) and
E&p{i,)) can be defined as follows:

E (i )=1G(ij-2)+G(i j+2)-2G(i, )|

E i )= |Gi-2)+G(i+2,/)-2G(i).

In the above equations, G(i, j) represents a G value of a
current coordinate, G(i, j—2) represents a G value which is
located to the left of the current coordinate on a G color area,
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G(i, j+2) represents a G value which is located to the right of
the current coordinate on the G color area, G(i-2, j) represents
a G value which is located above the current coordinate on the
G color area, and G(i+2, j) represents a G value which is
located below the current coordinate on the G color area.

Then, in operation S120, the G color area processor 121
compares the horizontal directional image gradient value
Esx(i,j) with the vertical directional image gradient value
E&p{iy)), selects the smaller value MIN(E 5, E;) from the
two values E,(i,j) and E;;(i,j), and compares the selected
value MIN(E;;;, E;,) with a first threshold value Thl.

1) First Mode

Ifit is determined in operation S120 that the selected value
MIN(E 4, E55) does not exceed the first threshold value Thi,
operation S130 proceeds, in which the G color area processor
121 executes a first mode for performing image denoising on
the G color using a horizontal or vertical directional compo-
nent. In the first mode, the horizontal directional image gra-
dient value E (i, j) is compared with the vertical directional
image gradient value E,(i, j), and image denoising is per-
formed on the G color according to the result of the compari-
son.

If the vertical directional image gradient value E,(i, j)
exceeds the horizontal directional image gradient value E ;,
(i, j), image denoising is performed on the G color of the
current pixel using G color values which are in the horizontal
direction. In other words, image smoothing is performed in
the horizontal direction according to the following equation:

G(ij))={G(i,j-2)+2G(i,j))+G(ij+2)}/4.

If'the horizontal directional image gradient value E ;.(, j)
exceeds the vertical directional image gradient value E (i,
i), image denoising is performed on the G color of the current
pixel using G color values which are in the vertical direction.
In other words, image smoothing is performed in the vertical
direction according to the following equation:

G(i))={G(i-2,/)+2G(i, )+ G(i+2,/) }/4.

If the horizontal directional image gradient value E 5,(i, j)
is equal to the vertical directional image gradient value E (i,
i), image denoising is performed on the G color of the current
pixel using G color values which are in the horizontal and
vertical directions. In other words, image smoothing is per-
formed in both the horizontal and vertical directions, accord-
ing to the following equation:

G(ij))={4G (i ))+G(i-2, )+ G(i+2,/)+G(i j-2)+G(i,j+2)}/
8.

At this point, an equation used for performing image
denoising on the G color can be optimally defined in various
ways by repeatedly performing experiments, etc.

2) Second Mode

Meanwhile, if it is determined in operation S120 that the
selected value MIN(E;;, Egy) exceeds the first threshold
value Thl, operation S140 proceeds, in which the G color
area processor 121 executes a second mode for performing
impulse noise elimination and image denoising on the G color
using impulse noise or diagonal components.

FIG. 9 is a flowchart showing in detail the operation S140
illustrated in FIG. 8. In operation S141, first, the G color area
processor 121 calculates first and second diagonal directional
image gradient values E;,, (i, j) and E ;,,(i, j) for the current
pixel of the G color area. An equation used for calculating the
first and second diagonal directional image gradient values
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6

Egpi(, j) and E5p5(, j) can be optimally defined in various
ways by repeatedly performing experiments, etc.

For example, the first and second diagonal directional
image gradient values E 5, (1,j) and E;p5(i, j) can be defined
as follows:

Eqp (0 )=1G0E-1,/-1)+G(+1 j+1)-2G(i /)]

E opo(i,/)=1G(i+1 j-1)+G(i-1,j+1)-2G ().

In the above equations, G(i, j) represents the G value of the
current coordinate, G(i-1, j—1) represents a G value which is
adjacent to the upper left of the current coordinate on a G
color area, G(i+1, j+1) represents a G value which is adjacent
to the lower right of the current coordinate on the G color area,
G(i+1,j-1) represents a G value which is adjacent to the lower
left of the current coordinate on the G color area, and G(i-1,
j+1) represents a G value which is adjacent to the upper right
of the current coordinate on the G color area.

Then, in operation S142, the G color area processor 121
compares the first diagonal directional image gradient value
E&pi (i, j) with the second diagonal directional image gradi-
ent value E,5(, j), selects the smaller value MIN(Ep,,
Esp,) from the two values Ej, (1, j) and E,,(1, j), and
compares the selected value MIN(E ;5,,, E5p,) with a second
threshold value Th2.

(2-1) First Sub-Mode of the Second Mode

Ifitis determined in operation S142 that the selected value
MINE;p;, Egp,) does not exceed the second threshold
value Th2, operation S143 proceeds, in which the G color
area processor 121 executes a first sub-mode for performing
image denoising on the G color using diagonal components.
In the first sub-mode, the first diagonal directional image
gradient value E (i, j) is compared with the second diago-
nal directional image gradient value E,,(i, j), and image
denoising is performed on the G color according to the result
of the comparison.

If the first diagonal directional image gradient value E 5,
(1, j) exceeds the second diagonal directional image gradient
value E ;,,,(i, j), image denoising is performed on the G color
of the current pixel using G color values which are in the
second diagonal direction. In other words, image smoothing
is performed in the second diagonal direction, according to
the following equation:

G(i)={G(i+1,j-1)+2G(i,)+G(i-1,/+1)}/4.

If the second diagonal directional image gradient value
E&ps(i, j) exceeds the first diagonal directional image gradi-
ent value E (i, j), image denoising is performed on the G
color ofthe current pixel using G color values which are in the
first diagonal direction. In other words, image smoothing is
performed in the first diagonal direction, according to the
following equation:

G(i,)={G(i-1,-1)+2G(i,)+G(i+1,j+1)}/4.

If the first diagonal directional image gradient value E 5,
(1, j) is equal to the second diagonal directional image gradi-
ent value E ;,,(i, j), image denoising is performed on the G
color ofthe current pixel using G color values which are in the
first and second diagonal directions. In other words, image
smoothing is performed in the first and second diagonal direc-
tions, according to the following equation:

Gl)={4G(ij)+G(i+1,j+1)+Gli~1j~ )+ G+ j-1)+G
(i-1/+1)}/8.

At this point, an equation used for performing image
denoising on the G color can be optimally defined in various
ways by repeatedly performing experiments, etc.
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(2-2) Second Sub-Mode of the Second Mode

Meanwhile, if it is determined in operation S142 that the
selected value MIN(E ;p,, Egp,) exceeds the second thresh-
old value Th2, operation S144 proceeds, in which the G color
area processor 121 executes a second sub-mode for eliminat-
ing impulse noise. In the second sub-mode, an average value
of G color values of pixels adjacent to the current pixel is
calculated using the following equation, and the average
value is assigned as a new G color value to the current pixel,
thereby eliminating impulse noise.

G )={G(i+1 j+1)+G(i-1 j-1)+G(i+1 j—1 )+ G(i-1 j+
14

At this point, an equation used for eliminating impulse
noise can be optimally defined in various ways by repeatedly
performing experiments, etc.

In this way, if operation S100, in which image denoising is
performed on the G color of the G color area using the 4-di-
rectional image gradient information, is complete, operation
S200 is performed.

FIG. 10 is a flowchart showing in detail operation S200
illustrated in FIG. 7. For convenience of description, FIG. 10
shows only the case where operation S200 is applied to an R
color, but operation 200 can also be applied to a B color. First,
in operation S210, the R/B color area processor 122 calcu-
lates a horizontal directional image gradient value Ez (i, j)
and a vertical directional image gradient value E, (i, j) for a
current pixel of an R color area. At this point, equations used
for calculating the horizontal and vertical directional image
gradient values Ez,(i,j) and E (1, ]) can be optimally defined
in various ways by repeatedly performing experiments, etc.

For example, in the case of an R color, equations used for
obtaining the horizontal and vertical directional image gradi-
ent values E,,(i, j) and E,,(i, j) can be defined as follows:

Eru(i,/)=IR( j-2)+R(i j+2)-2R ()| +1 G, j-1)-G({ j+
1)

Epili)=IR(-2,7)+R(+2,/)-2R(,j)|+|G(i j-1)-Gi j+
Dl

In the above Equations, R(i, j) represents the R value of the
current coordinate, R(i, j-2) represents an R value which is
located to the left of the current coordinate on an R color area,
R(1, j+2) represents an R value which is located to the right of
the current coordinate on the R color area, R(i-2, j) represents
an R value which is located above the current coordinate on
the R color area, R(i+2, j) represents an R value which is
located below the current coordinate on the R color area, G(i,
j—1) represents a G value which is adjacent to the left of the
current coordinate on the R color area, and G(i, j+1) repre-
sents a G value which is adjacent to the right of the current
coordinate on the R color area. The above equations can also
be applied to a B color in the same way.

Then, in operation S220, the R/B color area processor 122
compares the horizontal directional image gradient value E,
(i, j) with the vertical directional image gradient value E (i,
i), selects the smaller value MIN(E,,, Ez;) from the two
values E, (1, j) and Ez,{i, ]), and compares the selected value
MIN(E ;. Exy) with a third threshold value Th3. Likewise,
operation S220 can be applied to a B color.

(3) Third Mode

Ifit is determined in operation S220 that the selected value
MIN(ER;., Eg;) does not exceed the third threshold value
Th3, operation S230 proceeds, in which the R/B color area
processor 122 executes a third mode for interpolating the G
color after performing image denoising on the R or B color
using horizontal or vertical components. In the third mode,
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the horizontal directional image gradient value Ez (i, j) is
compared with the vertical directional image gradient value
Ex,(1, j), and image denoising is performed according to the
result of the comparison.

If the vertical directional image gradient value Ez,(i, j)
exceeds the horizontal directional image gradient value E,,
(1, ]), image denoising is performed on the R or B color of the
current pixel using R or B color values which are in the
horizontal direction. In other words, image smoothing is per-
formed in the horizontal direction, and then the G color of the
current pixel is interpolated, according to the following equa-
tions:

R(i,)={R(i,j-2)+2R(i,j)+R(i,j+2)}/4

G(ij)={2R(,j)+2G(i,j-1)+2G(i,j+1)-R(i,j-2)—
R(i,j+2)}/4.

The upper equation is used to perform image denoising on
the R color, and the lower equation is used to interpolate the
G color. An equation used for performing image denoising on
the G color is the same as that for performing image denoising
on the R color.

If the horizontal directional image gradient value E, (i, j)
exceeds the vertical directional image gradient value Ez,(1,j),
image denoising is performed on the R or B color of the
current pixel using R or B color values which are in the
vertical direction. In other words, image smoothing is per-
formed in the vertical direction, and then the G color of the
current pixel is interpolated, according to the following equa-
tions:

R(i)={R(i-2,/)+2R(i,/)+R(i+2,7)}/4

Gij)={2R(,j)+2G(i-1,)+2G(i+1,/)-R(i-2,/)~
R(+2,/)}/4.

Here, the upper equation is used to performing image
denoising on the R color, and the lower equation is used to
interpolate the G color. The equation used for performing
image denoising on the B color is the same as that for per-
forming image denoising on the R color.

If the horizontal directional image gradient value E, (i, j)
is equal to the vertical directional image gradient value E (i,
i), image denoising is performed on the R or B color of the
current pixel using the R or B color values which are in the
horizontal and vertical directions. In other words, image
smoothing is performed in the horizontal and vertical direc-
tions, and then the G color of the current pixel is interpolated,
according to the following equations:

R(i)={4R(i)}+R(i-2,/)+R(i+2,/)+R(i,j+2)+R(i,j-2) }/8

G(i)={G(i-1,))+G(i+1,j))+G(ij-1)+G(i,j+1) }/4.

Here, the upper equation is used to perform image denois-
ing on the R color and the lower equation is used to interpolate
the G color. The equation used for performing image denois-
ing on the B color is the same as that for performing image
denoising on the R color.

Equations used for performing image denoising on the R or
B color, and equations used for interpolating the G color can
be optimally defined in various ways by repeatedly perform-
ing experiments, etc.

(4) Fourth Mode

Meanwhile, if it is determined in operation S220 that the
selected value MIN(E,;, Ez,) exceeds the third threshold
value Th3, operation S240 proceeds, in which the R/B color
area processor 122 enters a fourth mode for interpolating the
G color after eliminating impulse noise or for interpolating
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the G color after performing image denoising on the R or B
color using diagonal directional components.

FIG. 11 is a flowchart showing in detail operation S240
illustrated in FIG. 10. For convenience of description, FIG. 11
shows only the case where operation S240 is applied to the R
color, but, operation S240 can also be applied to the B color.
First, in operation S241, the R/B color area processor 122
calculates first and second diagonal directional image gradi-
ent values E,,, (1, j) and Ez (i, j) for the current pixel of the
R color area. Equations used for calculating the first and
second diagonal directional image gradient values can be
optimally defined in various ways by repeatedly performing
experiments, etc.

For example, the first and second diagonal directional
image gradient values Ez 5, (i, j) and Ez 5 (1, j) for the R color
can be defined as follows:

Eppy (L7)=IR(i=2,j-2)+R(i+2,j+2)-2R(i,/) +1B(i-1,/-
D-B(+1,7+1)l

Erpo(i)=IR(i+2,j-2)+R(i-2,j+2)-2R(i,/) 1+ B(i+1,j-
1-B(-1,j+1)l.

In the above Equations, R(4, j) represents a R value of the
current coordinate, R(i-2, j—2) represents an R value which is
located to the upper left of the current coordinate on an R
color area, R(i+2, j+2) represents an R value which is located
to the lower right of the current coordinate on the R color area,
R(i+2,j-2) represents an R value which is located to the upper
left of the current coordinate on the R color area, R(i-2, j+2)
represents an R value which s located to the upper right of the
current coordinate on the R color area, and B(i-1, j-1) rep-
resents a B value which is adjacent to the upper left of the
current coordinate on a B color area, B(i+1, j+1) represents a
B value which is adjacent to the lower right of the current
coordinate on the B color area, B(i+1,j-1) represents a B
value which is adjacent to the lower left of the current coor-
dinate on the B color area, and B(i-1, j+1) represents a B
value which is adjacent to the upper right of the current
coordinate on the B color area. The equations can be applied
to the B color in the same way.

Then, in operation S242, the R/B color area processor 122
compares the first diagonal directional image gradient value
Exp1(1,j) with the second diagonal directional image gradient
value Ez (1, ), selects the smaller value MIN(E 5, Ezps)
from the two values E,, (4, j) and Ex (i, j), and compares
the selected value MIN(E,;, Ezp,) with the second thresh-
old value Th2.

(4-1) First Sub-Mode of the Fourth Mode

Ifit is determined in operation S242 that the selected value
MIN(E 1 Erpo) does not exceed the second threshold value
Th2, operation S243 proceeds, in which the R/B color area
processor 122 executes a first sub-mode for interpolating the
G color after performing image denoising on the R or B color
using diagonal directional components. In the first sub-mode,
the first diagonal directional image gradient value E ,,(1,j) is
compared with the second diagonal directional image gradi-
ent value Ez (1, j), and image denoising and G color inter-
polation are performed according to the result of the compari-
son. As a result, picture quality can be improved by
performing G color interpolation in the diagonal directions,
as well as in the horizontal or vertical direction in which a
minimum value is determined by comparison.

If the first diagonal directional image gradient value Ex
(1, j) exceeds the second diagonal directional image gradient
value Ez (1, j), image denoising is performed on the R or B
color of the current pixel, using R or B color values which are
in the second diagonal direction. In other words, image
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smoothing is performed in the second diagonal direction, and
then the G color of the current pixel is interpolated, according
to the following equations:

R(, ) ={R(i-2, j+2)+2R({, D+ R(i+2, j—-2)}/4

G(i, ) = G, Dypy» it
|G, Dypa — R, DI <G, f)ipy — RG, JI
= G, ypo» lse if |Gl fyps — RO, DI >
|G, Dppy — R P
={Gl, fups + Clis Dypat/2, else
G, Pypp =1GG -1, P+ GG j-DY/2

GU, Nipy, =G+ 1, D+ G, j+D}/2.

Here, the upper equation is used to perform image denois-
ing on the R color, and the lower equations are used to inter-
polate the G color. Equations used for performing image
denoising on the B color are the same as those used for
performing image denoising on the R is color.

If the second diagonal directional image gradient value
Exps(is j) exceeds the first diagonal directional image gradi-
ent value E,,, (i, j), image denoising is performed on the R
color of the current pixel, using the R color values which are
in the first diagonal direction. In other words, image smooth-
ing is performed in the first diagonal direction, and then the G
color of the current pixel is interpolated, according to the
following equations:

R(, ) ={R(i-2, j—2)+2R({, D+ R(i+2, j+2)}/4

G(i, ) = G(i, Pypy» if
|G, fypy = R, DI <IGG, Pppy — R, jI
= G(i, )y else if |GG, jyp; - RG, I >
|GG, Dpy — RE DI
=1{G, Pypy + Gli, Prp;}/2, else
Gl Pypy =1Gl- 1, D+ G, j+D}/2

GU, Hipy =1GUE+1, D+ G, j-D}/2.

Here, the upper equation is used to perform image denois-
ing on the R color, and the lower equations are used to inter-
polate the G color. The equation used for performing image
denoising on the B color is the same as that used for perform-
ing image denoising on the R color.

If the first diagonal directional image gradient value E,,,
(1, j) is equal to the second diagonal directional image gradi-
ent value E,,,,(i, j), image denoising is performing on the R
color of the current pixel, using R color values which are in
the first and second diagonal directions. In other words, image
smoothing is performed in the first and second diagonal direc-
tions, and then the G color of the current pixel is interpolated,
according to the following equations:

R(/)={4RG)+R(-2,j+2)+R(i+2,-2)+R(i-2,j-2)+R
(i+2,j+2)}/8

G(i)={G(i-1,)+G(i,j-1)+G(i j+1)+G(i+1,/1)}/4.

Here, the upper equation is used to perform image denois-
ing on the R color, and the lower equation is used to interpo-
late the G color. The equation used for performing image
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denoising on the B color is the same as that used for perform-
ing image denoising on the R color.

Equations used for performing image denoising on the R
color, and equations used for interpolating the G color can be
optimally defined in various ways by repeatedly performing
experiments, etc.

(4-2) Second Sub-Mode of the Fourth Mode

Ifit is determined in operation S242 that the selected value
MINE ;s Exps) exceeds the second threshold value Th2,
operation S244 proceeds, in which the R/B color area proces-
sor 122 executes a second sub-mode for interpolating the G
color after eliminating impulse noise. In the second sub-
mode, an average value of R color values of the pixels adja-
cent to the current pixel is calculated and assigned as a new R
color value to the current pixel to thus reduce impulse noise,
and then the G color is interpolated, according to the follow-
ing equations:

R(i)={R(i+2,/))+R(i-2,j)+R(i,j-2)+R(i,j+2)}/4

G(ij))={G(i+1,))+G(i-1,/)+G(i,j-1)+G(i,j+1) }/4.

Here, the upper equation is used to perform image denois-
ing on the R color, and the lower equation is used to interpo-
late the G color. The equation used for performing image
denoising on the B color is the same as that used for perform-
ing image denoising on the R color.

Equations used for performing image denoising on the R
color, and equations used for interpolating the G color can be
optimally defined in various ways by repeatedly performing
experiments, etc.

As such, if operation S200, in which image denoising is
performed on the R or B color of the R or B color areas using
the 4-directional image gradient information, is complete,
operation S10 for performing image denoising and G color
interpolation using the 4-directional image gradient informa-
tion is terminated.

Then, the image signal processing apparatus performs
interpolation on the R and B color is in operation S20, thereby
creating an RGB full color image.

5) Post-Processing

FIG. 12 is a flowchart showing in detail operation S20
illustrated in FIG. 6. As shown in FIG. 12, in operation S300,
the R/B color area processor 122 interpolates the B or R color
of'each pixel of the R or B color areas in which the G color has
been interpolated, in consideration of correlations and differ-
ences between the B or R color values of the adjacent pixels
and the interpolated G color values of the adjacent pixels, for
example, according to the following equations:

B(i,)=G(ij))+{B(i-1,j-1)-G(i-1,/j-1)+B(i-1,j+1)-G
(i-1j+1)4B(i+1 j~1)-Gli+1 j-1)+B(+1 j+1)-G
(i+1j+1)}/4.

Here, the equation used for interpolating the R color is the
same as that used for interpolating the B color. Equations used
for interpolating the B or R color can be optimally defined in
various ways by repeatedly performing experiments, etc.

Meanwhile, in operation S400, the G color area processor
121 interpolates the R color of each pixel of the G color area
subjected to image denoising, in consideration of correlations
between the R color values of the adjacent pixels and the
interpolated G color values of the adjacent pixels, and inter-
polates the B color of the each pixel, in consideration of
correlations or differences between the B color values of the
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adjacent pixels and the interpolated G color values of the
adjacent pixels, according to the following equations:

R(i)=G(i,)+{R(i,j-1)-G(i,j-1)+R(ij+1)-G(i,j+1)}/2

B(i,))=G(i,)+{B(i-1,/)-G(i-1,/)+B(i+1,/)-G(i+1,/)}/2.

Equations used for interpolating the B or R color can be
optimally defined in various ways by repeatedly performing
experiments, etc.

Accordingly, in the image signal processing apparatus
according to the current embodiment of the present invention,
by simultaneously performing in an integrated manner image
denoising and interpolation, using 4-directional image gradi-
ent information which defines differences in color brightness
between adjacent pixels on the basis of edge direction infor-
mation obtained from a bayer image output from an image
sensor, the amount of calculations required for image denois-
ing and interpolation can be reduced. Therefore, the image
signal processing apparatus according to the current embodi-
ment of the present invention is more effective than conven-
tional techniques, in view of picture quality, processing
speed, and costs.

6) Summary

An image signal processing method of the image signal
processing apparatus according to the current embodiment of
the present invention will now be described with reference to
FIG. 13. FIG. 13 is a flowchart of an image signal processing
method according to an embodiment of the present invention.

First, in operation S510, the image signal processing appa-
ratus defines and stores 4-directional image gradient infor-
mation representing differences in color brightness between
adjacent pixels on the basis of edge direction information
calculated from a bayer image output from an image sensor.
Since the 4-directional image gradient information has been
described above, a repeated description thereof will be omit-
ted.

Then, in operation S520, the image signal processing appa-
ratus performs image denoising on the G color of the G color
area using the 4-directional image gradient information.
Since details about an embodiment for performing image
denoising on the G color using the 4-directional image gra-
dient information have been described above, a repeated
description thereof will be omitted.

If image denoising is performed on the G color area in
operation S520, in operation S530, the image signal process-
ing apparatus performs image denoising on the R or B color of
the R or B color area using the 4-directional image gradient
information, and interpolates the G color of the R or B color
area subjected to image denoising using the G color subjected
to image denoising in operation S520. Since details about an
embodiment for performing image denoising on the R or B
color and interpolating the G color have been described
above, a detailed description thereof will be omitted.

Then, in operation S540, the image signal processing appa-
ratus interpolates the R or B color of the R or B color area
subjected to G color interpolation in operation S530, in con-
sideration of correlations between the B or R color values of
the adjacent pixels and the interpolated G color values of the
adjacent pixels. Thus, the G and B colors of the R color area
are interpolated, and the G and R colors of the B color area are
interpolated, thereby creating a full color image. Since details
about an embodiment for interpolating the B or R color have
been described above, a repeated description thereof will be
omitted.

Finally, in operation S550, the image signal processing
apparatus interpolates the R and B colors of the G color area
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subjected to image denoising in operation S520, in consider-
ation of correlations or differences between the interpolated
G color values and the R and B color values of the adjacent R
or B color area interpolated in operation S540, thereby
obtaining a full color image.

Accordingly, in the image signal processing apparatus
according to the current embodiment of the present invention,
by simultaneously performing in an integrated manner image
denoising and interpolation, using 4-directional image gradi-
ent information which defines differences in color brightness
between adjacent pixels on the basis of edge direction infor-
mation obtained from a bayer image output from an image
sensor, unlike the conventional method which sequentially
performs image denoising and interpolation, the amount of
calculations required for image denoising and interpolation
can be reduced. Therefore, it is possible to efficiently and
simultaneously perform image denoising and interpolation,
to improve picture quality and processing speed, and to obtain
a cost reduction due to, for example, saving power required
for calculations.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cov-
ers the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. An image signal processing (ISP) apparatus which pro-
cesses an image signal output from an image sensor, compris-
ing:

a storage unit storing 4-directional image gradient infor-
mation which defines a difference in color brightness
between adjacent pixels on the basis of edge direction
information obtained from a bayer image output from
the image sensor;

an image processor simultaneously processing in an inte-
grated manner image denoising and interpolation using
the 4-directional image gradient information stored in
the storage unit.

2. The image signal processing apparatus of claim 1, fur-

ther comprising:

a G color area processor performing image denoising and
interpolation on a G color area using the 4-directional
image gradient information; and

an R/B color area processor performing image denoising
and interpolation on an R color area or a B color area
using the 4-directional image gradient information and
the G color area subjected to the image denoising and the
interpolation by the G color area processor.

3. The image signal processing apparatus of claim 1,
wherein the G color area processor performs the image
denoising on the G color area using the 4-directional image
gradient information before performing the interpolation on
the G color area.

4. The image signal processing apparatus of claim 3,
wherein the R/B color area processor performs image denois-
ing onan R colorora B color ofthe R colorarea or the B color
area, using the 4-directional image gradient information, and
interpolates a G color of the R color area or the B color area,
subjected to the image denoising, using the G color subjected
to the image denoising by the G color area processor.

5. The image signal processing apparatus of claim 4,
wherein the R/B color area processor interpolates a B color or
an R color of an R color area or a B color area in whicha G
color is interpolated.
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6. The image signal processing apparatus of claim 3,
wherein the G color area processor interpolates an R colorand
a B color ofthe G color area subjected to the image denoising
using the R color or the B color of the R color area or the B
color area subjected to the image denoising.

7. The image signal processing apparatus of claim 3,
wherein the G color area processor calculates a horizontal
directional image gradient value and a vertical directional
image gradient value for a current pixel of the G color area,
compares the horizontal directional image gradient value
with the vertical directional image gradient value, selects the
smaller image gradient value from the horizontal directional
image gradient value and the vertical directional image gra-
dient value, compares the selected image gradient value with
a first threshold value, executing a first mode for performing
image denoising on the G color using a horizontal direction
component or a vertical direction component if the selected
image gradient value does not exceed the first threshold value,
and executing a second mode for performing image denoising
on the G color using impulse noise or a diagonal directional
component if the selected image gradient value exceeds the
first threshold value.

8. The image signal processing apparatus of claim 7,
wherein the execution of the first mode comprises comparing
the horizontal directional image gradient value with the ver-
tical directional image gradient value, performing image
denoising on the G color of the current pixel using G color
values which are in the horizontal direction if the vertical
directional image gradient value exceeds the horizontal direc-
tional image gradient value, performing image denoising on
the G color of the current pixel using G color values which are
in the vertical direction if the horizontal directional image
gradient value exceeds the vertical directional image gradient
value, and performing image denoising on the G color of the
current pixel using G color values which are in the horizontal
direction and the vertical direction if the horizontal direc-
tional image gradient value is equal to the vertical directional
image gradient value.

9. The image signal processing apparatus of claim 7,
wherein the execution of the second mode comprises calcu-
lating a first diagonal directional image gradient value and a
second diagonal directional image gradient value for the cur-
rent pixel of the G color area, comparing the first diagonal
directional image gradient value with the second diagonal
directional image gradient value, selecting the smaller image
gradient value from the first diagonal directional image gra-
dient value and the second diagonal directional image gradi-
ent value, comparing the selected image gradient value with a
second threshold value, executing a first sub-mode for per-
forming image denoising on the G color using a diagonal
direction component if the selected image gradient value does
not exceed the second threshold value, and executing a sec-
ond sub-mode for eliminating impulse noise if the selected
image gradient value exceeds the second threshold value.

10. The image signal processing apparatus of claim 9,
wherein the execution of the first sub-mode of the second
mode comprises comparing the first diagonal directional
image gradient value with the second diagonal directional
image gradient value, performing image denoising on the G
color ofthe current pixel using G color values which are in the
second diagonal direction if the first diagonal directional
image gradient value exceeds the second diagonal directional
image gradient value, performing image denoising on the G
color ofthe current pixel using G color values which are in the
first diagonal direction if the second diagonal directional
image gradient value exceeds the first diagonal directional
image gradient value, and performing image denoising on the
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G color of the current pixel using G color values which are in
the first diagonal direction and the second diagonal direction
if the first diagonal directional image gradient value is equal
to the second diagonal directional image gradient value.

11. The image signal processing apparatus of claim 9,
wherein the execution of the second sub-mode of the second
mode comprises calculating an average value of G color
values of pixels adjacent to the current pixel, and assigning
the average value as a new G color value to the current pixel,
thus eliminating impulse noise.

12. The image signal processing apparatus of claim 4,
wherein the R/B color area processor calculates a horizontal
directional image gradient value and a vertical directional
image gradient value for a current pixel of the R color area or
the B color area, compares the horizontal directional image
gradient value with the vertical directional image gradient
value, selects the smaller image gradient value from the hori-
zontal directional image gradient value and the vertical direc-
tional image gradient value, compares the selected image
gradient value with a third threshold value, executes a third
mode, for performing image denoising on the R color or the B
color using a horizontal direction component or a vertical
direction component and then interpolating the G color, if the
selected image gradient value does not exceed the third
threshold value, and executes a fourth mode, for eliminating
impulse noise and then interpolating the G color or for per-
forming image denoising on the R color or the B color using
a diagonal direction component and then interpolating the G
color, if the selected image gradient value exceeds the third
threshold value.

13. The image signal processing apparatus of claim 12,
wherein the execution of the third mode comprises comparing
the horizontal directional image gradient value with the ver-
tical directional image gradient value, performing image
denoising on the R color or the B color of the current pixel
using R color values or B color values which are in the
horizontal direction and then interpolating the G color of the
current pixel if the vertical directional image gradient value
exceeds the horizontal directional image gradient value, per-
forming image denoising on the R color or the B color of the
current pixel using R color values or B color values which are
in the vertical direction and then interpolating the G color of
the current pixel if the horizontal directional image gradient
value exceeds the vertical directional image gradient value,
and performing image denoising on the R color or the B color
of the current pixel using R color values or B color values
which are in the horizontal direction and the vertical direction
and then interpolating the G color of the current pixel if the
vertical directional image gradient value is equal to the hori-
zontal directional image gradient value.

14. The image signal processing apparatus of claim 12,
wherein the fourth mode is executed by calculating a first
diagonal directional image gradient value and a second diago-
nal directional image gradient value for the current pixel of
the R color area or the B color area, comparing the first
diagonal directional image gradient value with the second
diagonal image gradient value, selecting the smaller image
gradient value from the first diagonal directional image gra-
dient value and the second diagonal directional image gradi-
ent value, comparing the selected image gradient value with a
second threshold value, executing a first sub-mode, for per-
forming image denoising on the R color or the B color using
adiagonal direction component and interpolating the G color,
if the selected image gradient value does not exceed the
second threshold value, and executing a second sub-mode, for
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eliminating impulse noise and then interpolating the G color,
if the selected image gradient value exceeds the second
threshold value.

15. The image signal processing apparatus of claim 14,
wherein the execution of the first sub-mode of the fourth
mode comprises comparing the first diagonal directional
image gradient value with the second diagonal directional
image gradient value, performing image denoising on the R
color or the B color of the current pixel using R color values
or B color values which are in the second diagonal direction
and then interpolating the G color of the current pixel if the
first diagonal directional image gradient value exceeds the
second diagonal directional image gradient value, perform-
ing image denoising on the R color or the B color of the
current pixel using R color values or B color values which are
in the first diagonal direction and then interpolating the G
color of the current pixel if the second diagonal directional
image gradient value exceeds the first diagonal directional
image gradient value, and performing image denoising on the
R color or the B color of the current pixel using R color values
or B color values which are in the first diagonal direction and
the second diagonal direction and then interpolating the G
color of the current pixel if the first diagonal directional image
gradient value is equal to the second diagonal directional
image gradient value.

16. The image signal processing apparatus of claim 14,
wherein execution of the second sub-mode of the fourth mode
comprises calculating an average value of R color values or B
color values of pixels adjacent to the current pixel, assigning
the average value as a new R color value or a new B color
value to the current pixel to eliminate impulse noise, and then
interpolating the G color.

17. The image signal processing apparatus of claim 5,
wherein the R/B color area processor interpolates a B color or
an R color of each pixel of the R color area or the B color area
in which the G color is interpolated, in consideration of cor-
relations or differences between B color values or R color
values of adjacent pixels of the each pixel and interpolated G
color values of the adjacent pixels.

18. The image signal processing apparatus of claim 6,
wherein the G color area processor interpolates an R color of
each pixel of the G color area subjected to the image denois-
ing, in consideration of correlations between R color values
of adjacent pixels of the each pixel and G color values of the
adjacent pixels, and interpolates a B color of the each pixel, in
consideration of correlations and differences between B color
values of the adjacent pixels and interpolated G color values
of the adjacent pixels.

19. An image signal processing (ISP) method of processing
an image signal output from an image sensor, comprising:

defining and storing 4-directional image gradient informa-

tion representing differences in color brightness
between adjacent pixels on the basis of edge direction
information obtained from a bayer image output from
the image sensor;

performing image denoising on a G color of a G color area

using the 4-directional image gradient information; and

performing image denoising on an R color or a B color of

an R color area or a B color area using the 4-directional

image gradient information, and interpolating a G color

of the R color area or the B color area subjected to the

image denoising using the G color subjected to the
image denoising.

20. The image signal processing method of claim 19, fur-

ther comprising interpolating a B color or an R color of the R
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color area or the B color area in which the G color is interpo-
lated, in consideration of correlations between B color values
or R color values of adjacent pixels of the R color area or the
B color area and interpolated G color values of the adjacent
pixels.

21. The image signal processing method of claim 20, fur-
ther comprising interpolating an R color and a B color of the
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G color area subjected to image denoising, in consideration of
correlations and differences between R color values or B
color values of adjacent R color areas or adjacent B color
areas of the G color area and interpolated G color values.



